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vABSTRAK
Thesis ini focus kepada peranti FACTS iaitu Unified Power Flow Controller
(UPFC). Dengan kemampuan yang unik iaitu mengawal kuasa nyata dan kuasa aliran
reaktif secara serentak pada saluran penghantaran serta menetapkan voltan pada bus
yang disambungi, peranti ini juga menghasilkan impak yang berkualiti untuk
menstabilkan sistem kuasa. Ciri-ciri ini menjadi lebih signifikan apabila diketahui
UPFC dapat memberi bebanan kepada saluran penghantaran mendekati dengan batas
terma, memaksa kuasa melalui arah yang dikehendaki. Ini akan memberi keluwesan
kepada pembekal system kuasa untuk memenuhi permintaan sistem kuasa yang
terderegulasi. Aplikasi teknik Particle Swarm Optimization (PSO) dilaksanakan untuk
mencari lokasi optimum peranti Flexible AC Transmission System (FACTS) untuk
mendapat maksimum beban kemampuan sistem. Semasa mencari optimum lokasi,
batasan terma untuk saluran dan batasan voltan untuk bus juga diberi tumpuan. Peranti
FACTS yang digunakan ialah UPFC. Pengoptimumam adalah dilakukan pada dua
parameter iaitu lokasi UPFC dan tatacaranya. Simulasi dilakukan pada IEEE 6 bus
system untuk mengoptimumkan lokasi UPFC.
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ABSTRACT
The focus of this thesis is a FACTS device known as the Unified Power Flow
Controller (UPFC). With its unique capability to control simultaneously real and
reactive power flows on a transmission line as well as to regulate voltage at the bus
where it is connected, this device creates a tremendous quality impact on power system
stability. These features become even more significant knowing that the UPFC can
allow loading of the transmission lines close to their thermal limits, forcing the power to
flow through the desired paths. This will give the power system operators much needed
flexibility in order to satisfy the demands that the deregulated power system will impose.
The application of Particle Swarm Optimization (PSO) technique is applied to find
optimal location of Flexible AC Transmission System (FACTS) devices to achieve
maximum system loadability. While finding the optimal location, thermal limit for the
lines and voltage limit for the buses are taken as constraints. The type of FACTS
devices Unified Power Flow Controller (UPFC) is considered. The optimizations are
performed on three parameters namely the location of UPFC device and their setting.
Simulations are performed on IEEE 6 bus system for optimal location of UPFC device
and the results obtained are encouraging and will be useful in electrical restructuring.
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CHAPTER 1
INTRODUCTION
1.1 FACTS
With the deregulation of the electricity market, the traditional practices of
power systems have been changed a lot. Years of under investment in the
transmission sector in many electricity markets has drawn attention to better utilize
the existing transmission lines. The advent of Flexible AC Transmission System
(FACTS) devices based on the advancement of semiconductor technology opens up
new opportunities for increasing the capacities of the existing transmission systems
[1, 2].
The Unified Power Flow Controller (UPFC) is one of the most promising
FACTS devices in terms of its ability to control power system quantities. It can
either simultaneously or selectively control the active and reactive power flow
through the lines and also bus voltages [3-7]. The above mentioned salient features
rendered by UPFCs depend on the configuration of UPFCs. Hence, for the practical
2Implementation of UPFCs in a power system, a systematic procedure is needed in
finding the optimal location and parameters of UPFCs. By optimally placing the
UPFCs, it is possible to minimize transmission loss, minimize power generation cost,
maximize the load ability of the transmission system etc.
1.2 Problem Statement
Some papers have been published on solving the optimal location of FACTS
devices with respect to different purposes and methods [1, 8, 9]. In [1], Genetic
Algorithm has been applied for the optimal placement of multi-type FACTS devices
including Thyristor Control Series Compensator (TCSC), Thyristor Controlled Phase
Angle Regulator (TCPSR), Thyristor Controlled Voltage Regulator (TCVR) and
Static Var Compensators (SVC) to maximize the loadability of transmission lines. In
[8], an approach based on augmented Lagrange multiplier method has been used to
determine the optimal location of UPFCs to be installed. An improved evolutionary
programming has been used to find the optimal location of UPFCs in [9] with the
purpose of increasing the system loadability. A deterministic based method has been
applied to evaluate the network losses. The present objective of this paper is to
analyze, once more, the problem of system loadability maximization. However, the
tool of analysis employed is particle swarm optimization (PSO) which is a new
evolutionary computational stochastic technique.
Particle swarm optimization is a type of evolutionary algorithm developed by
Kennedy and Eberhart [10]. The swarm initially has a population of random
solutions. Each potential solution called particle, is given a random velocity and is
flown through the problem space. The particles have memory and each particle
keeps track of its previous best position and the corresponding fitness value.
3The previous best value is called pbest and it is related to a particular particle.
The swarm has another value called gbest, which is the best value of all the particles’
pbests in the swarm. The main advantages of using PSO are that, it can generate
high quality solutions within shorter calculation time and has more stable
convergence characteristic compared to other stochastic methods [11]. The
application of this tool to power system problems has been found in some papers
[10-12]. For example, [10] focuses on the problem of fuel cost minimization.
Population based, cooperative and competitive stochastic search algorithms
are very popular in the recent years in the research arena of computational
intelligence. Some well established search algorithms such as (GA) [9] and
Evolutionary Programming (EP) [10], [11] are successfully implemented to solve
simple and complex problems efficiently and effectively. Most of the population
based search approaches are motivated by evolution as seen in nature.
Particle swarm optimization (PSO), on the other hand, is motivated from the
simulation of social behavior. Nevertheless, they all work in the same way that is,
updating the position of individuals by applying some kinds of operators according
to the fitness information obtained from the environment, so that the individuals of
the population can be expected to move towards better solution areas. Instead of
using evolutionary operators to manipulate the individuals, like in other evolutionary
computational algorithms, each individual in PSO flies in the search space with a
velocity which is dynamically adjusted according to its own flying experience and its
companions' flying experience. Unlike in genetic algorithms, evolutionary
programming, and evolution strategies, in PSO, the selection operation is not
performed.
All particles in PSO are kept as members of the population through the course
of the run (a run is defined as the total number of generations of the evolutionary
algorithms prior to termination). It is the velocity of the particle which is updated
according to its own previous best position and the previous best position of its
4companions. The particles fly with the updated velocities. PSO is the only
evolutionary algorithm that does not implement survival of the fittest. PSO is now
applied for solving electrical engineering related problems [13].
Making use of this PSO technique, the proposed method can find high-quality
solutions reliably with faster convergence characteristics in a reasonably good
computation time. Finding the optimal placement and parameters of UPFCs for
maximizing the system loadability is a large scale non-linear optimization problem.
In this paper, a novel technique is proposed to increase the system loadability. PSO
applied for optimal placement of UPFCs is evaluated on IEEE 6- bus power system.
1.3 Objectives
i) By using PSO to find optimal location of UPFC to achieve maximum system
loadability.
ii) Optimizations are performed based on :
 Location and Setting of UPFC device
 Distribution Power system (Simulations are performed on IEEE 6 bus
system for optimal location of UPFC device )
1.4 Scope of Project
The present objective of this paper is to analyze, once more, the problem of
power loadability of the system. The main goal in this project is to find the optimal
placement and parameters of UPFCs for maximizing the system load ability is a large
scale non-linear optimization problem.PSO applied for optimal placement of UPFCs
5is evaluated on IEEE 6- bus power systems. This project focus on power flow
distribution power system.
CHAPTER 2
LITERATURE REVIEW
2.1 Introduction
Under such circumstances, FACTS (Flexible AC Transmission System) is
an alternative for enhancing the transmission capability [1]. Originally, FACTS is
useful for improving security and transmission losses as well as the transmission
capability. Among the FACTS devices, UPFC is one of efficient FACTS devices. It
has advantage to takes control of both active and reactive power at the same time
flexibly [2, 3]. In this project, UPFC is used to maximize the transmission capability
from generators to specified load buses. To install UPFC, it is necessary to determine
the location and the control variables of UPFC.
The mathematical formulation for the optimal allocation of UPFC results
in a nonlinear mixed integer problem that expresses the location in discrete number
and the control variables in continuous one while satisfying the constraints. Since the
optimal allocation has a local minimum, it is necessary to evaluate a global minimum
7or its highly approximate solutions efficiently. So far, a lot of methods have been
developed to deal with the optimal allocation of UPFC.
2.2 Method to Optimal Allocation of UPFC
2.2.1 Hybrid Meta-heuristic Method
Hiroyuki Mori has use Hybrid meta-heuristic method to determine the
location of UPFCs with TS (Tabu Search) at Layer 1 and the control variables of
UPFC with EPSO (Evolutionally Particle Swarm Optimization) at Layer 2[14]. After
determining the location at Layer 1, the control variables are evaluated at Layer 2.
The search process is repeated until the termination conditions are satisfied. This
research proposes a new hybrid meta-heuristic method for determining the optimal
allocation of UPFCs to maximize the transmission capability. The optimal allocation
of UPFCs needs to evaluate the location and the control variables of UPFCs at the
same time. Figure below shows the concept of the proposed method, where Layer 1
evaluates the optimal locations in discrete number and Layer 2 computes the optimal
control variables in continuous number. The proposed method is based on two
layered optimization. After creating the solution candidates of the location in the
neighbourhood around the initial solution at Layer 1, Layer 2 optimizes the control
variables and the incremental load rate (ILR) for each solution candidate at Layer 1.
ILR is defined as initial load over load maximized by UPFC.
8Figure 2.1: Layer Hybrid[14]
The second and the third terms mean the maximization of ILR and the
minimization the transmission loss in (10), respectively. Equations (1)-(10) imply the
constraints on the power flow equation, the upper and lower bounds of nodal voltage
magnitudes, the line flows, the upper bound of apparent power for shunt and series
inverters in UPFCs, the upper bound of voltage magnitude by UPFCs and the upper
bound of reactive power by UPFCs.
2.2.2 Bacteria Foraging Method
Optimal location and control of a unified power flow controller (UPFC) along
with transformer taps are tuned with a view to simultaneously optimize the real
power losses and voltage stability limit (VSL) of a mesh power network. This issue
is formulated as a nonlinear equality and inequality constrained optimization
problem with an objective function incorporating both the real power loss and VSLS.
Tripathy, M.and Mishra, in (2007) have using a new evolutionary algorithm known
as bacteria foraging is applied for solving the multi objective multivariable problem,
with the UPFC location, its series injected voltage, and the transformer tap positions
9as the variables [15]. For a single objective of only real power loss, the same problem
is also solved with interior point successive linearization program (IPSLP) technique
using the LINPROG command of MATLAB. A comparison between the two
suggests the superiority of the proposed algorithm. A cost effectiveness analysis of
UPFC installation vis-agrave-vis loss reduction is carried out to establish the benefit
of investment in a UPFC.
2.2.3 Optimal location and parameters setting of UPFC based on GA and PSO
for enhancing power system security under single contingencies
In 2008, T H. I. Shaheen, ,G. I. Rashed, and S. J. Cheng, their method is
presents an approach to find out the optimal placement and the optimal parameters
setting of UPFC for enhancing power system security under single contingencies (N-
1 Contingency)[16]. Firstly, we perform a contingency analysis and ranking process
to determine the severest line tripping contingencies considering line overloads and
bus voltage violations as a performance index. Secondly, we apply genetic algorithm
(GA) and particle swarm optimization (PSO) techniques to find out the optimal
location and the optimal parameters setting of UPFC corresponding to the
determined contingencies scenarios.
A contingency is considered to be the outage of a generator, a transformer or
a line. The system may become unstable and enters an insecure state when a
contingency event is occurred. Contingency analysis is one of the most important
functions performed in power systems to establish appropriate preventive and / or
corrective actions for each contingency. Contingency analysis procedure consists of
line contingency analysis, contingency selection, detection of overloaded lines and
bus voltage violations, and ranking of the severest contingencies cases. For each line
outage contingency in the system, list the all overloaded lines and the buses which
have voltage violations, and then the lines are ranked according to the severity of the
10
contingency, in other words, according to the number of the thermal and voltage
violations limits. Then the most critical contingencies are determined. After
determining the most critical contingencies scenarios, GA and PSO techniques are
applied to find the optimal location and parameters setting of UPFC. Installing UPFC
in such optimal location with such optimal parameters will eliminate or minimize the
overloaded lines and the bus voltage violations under these critical contingencies.
For enhancing the system security level, UPFC should be located in order to
eliminate or minimize the line overloads and to prevent the bus voltages violations.
2.2.4 Evolutionary Optimization Techniques
Optimal location of different types of FACTS devices in the power system has been
attempted using different techniques such as Genetic Algorithm (GA), hybrid Tabu
approach and simulated annealing (SA). The best location for a set of phase shifters
was found by genetic algorithm to reduce the flows in heavily loaded lines resulting
in an increased load ability of the network and reduced cost of production [17]. A
hybrid tabu search and simulated annealing was proposed to minimize the generator
fuel cost in optimal power flow control with multi-type FACTS devices [1,2].
The best location of UPFC to minimize the generation cost function and the
investment cost on the UPFC device was found using steady state injection model of
UPFC ,continuation power flow technique and OPF technique[18]. By using multiple
UPFC, the real and reactive power are regulated in real time by a centralized optimal
control scheme using evolutionary programming algorithm to provide best voltage
profile and minimum overall transmission losses [10]. Power flow algorithm with
the presence of TCSC and UPFC has been formulated and solved [19]. A hybrid GA
approach to solve optimal power flow in a power system incorporating FACTS
11
devices has been reported. In this paper, applying PSO technique, find the optimal
location and parameter setting of UPFC to achieve maximum system load ability.
2.3 System Modelling
It is necessary to model the complex real life power system with a set of equations
that can describe the behaviour of a system to a satisfactory level of exactness. The
modelling of transmission line as well as the representation of UPFC under static
conditions can be described as under.
2.3.1 UPFC Power Flow Model
Fig. 1 shows the equivalent circuit of a UPFC power flow model, this circuit consists
of two coordinated synchronous voltage sources represent the UPFC adequately for
the purpose of fundamental steady-state analysis (Enrique et al., 2004), the UPFC
voltage sources are:
vR)sinjvR(cosVvREvR   (1)
cR)sinjcR(cosVcREcR   (2)
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Figure 2.2: Unified power flow controller equivalent circuit
where VvR is the shunt voltage source magnitude; vR is the shunt voltage source
angle; VcR is the series voltage source magnitude; and cR is the series voltage
source angle.
The active power demanded by the series converter is drawn by the shunt
converter from the AC network and supplied to bus m through the DC link. The
output voltage of the series voltage source (series converter) is added to the nodal
voltage, let say at bus k, to boost the nodal voltage at bus m. The voltage magnitude
of the output voltage cR provides voltage regulation, and the phase angle cR
determines the mode of power flow control. In addition to providing a supporting
role in the active power exchange that takes place between the series converter and
the AC system, the shunt converter may also generate or absorb reactive power in
order to provide independent voltage magnitude regulation at its point of connection
with the AC system.
Based on the equivalent circuit and on (1) and (2) the active and reactive power
equations are:
